The bidentate phosphine ligands such as bis(diphenylphosphino)methane (dppm) and 2-(diphenylphosphino)pyridine (Ph 2 Ppy) are useful bridging ligands to provide homo-and heteronuclear complexes with a close metal-metal distance. [1] [2] [3] A large number of polynuclear palladium complexes have been prepared using the dppm ligand, and their structures and properties have been characterized. In particular, dinuclear palladium dppm complexes readily react with relatively small molecules such as CO, SO 2 , RCN, CR 2 =CR 2 to give the dinuclear structure in A-frame mode via the insertion reaction into a Pd-Pd bond. On the other hand the investigations of the structure, property and reactivity to polynulcear palladium dppm complexes are not enough 2 owing to the difficulties of isolation and crystallization. In this study tetranuclear palladium complex [Pd 4 (m-dppm) 4 (m-Cl) 2 ](ClO 4 ) 2 ·bpe (1) was prepared and the structure was crystallographically determined.
Experimental

Preparation of complex 1
All operations were carried out under an argon atmosphere using standard Schlenk techniques. Bis-(diphenylphosphino)methane (dppm), 1,2-bis(2-pyridyl)ethylene (bpe) and AgClO 4 were purchased from Aldrich and used without further purification. All organic solvents were dried by general procedures and distilled before use. Dinuclear palladium(I) dppm complex [Pd 2 (m-dppm) 2 Cl 2 ] was prepared according to the literature. 4 Tetranuclear palladium complex [Pd 4 (m-dppm) 4 -(m-Cl) 2 ] (ClO 4 ) 2 ·bpe (1) was synthesized according to following procedures. [Pd 2 (m-dppm) 2 Cl 2 ] (188.8 mg, 0.18 mmol) and AgClO 4 (74.6 mg, 0.36 mmol) were mixed in ethanol (30 cm 3 ) for 3 h and the resultant reddish brown suspension was filtered. The bpe ligand (66.0 mg, 0.36 mmol) was added to the filtrate and the solution was stirred for 2 h. The reddish brown solution was again filtered and the filtrate was sealed in a 5 mm diameter glass tube. The solution was allowed to stand for two weeks at ambient temperature. The reddish orange plate crystals of 1 were collected, together with a small amount of yellow needle crystals. 
Data collection, structure solution and refinements of complex 1
A reddish orange crystal with an approximate dimension of 0.10´0.05´0.05 mm was attached to the end of a glass fiber and mounted on a Rigaku AFC-5R diffractometer with a graphite monochromated Mo K a radiation (l=0.71069 Å). The detailed measurement conditions and the crystal data are listed in Table 1 . Cell constants and an orientation matrix for data collection, obtained from a least-squares refinement using the setting angles of 25 carefully centered reflections in the range 6.67<2q<12.36˚, corresponded to those of a triclinic cell. Based on packing considerations, a statisti- cal analysis of intensity distribution, and the successful solution and refinement of the structure, the space group was determined to be P1. The intensity data were collected at 23˚C using the w-2q scan technique to a maximum 2q value of 55.0˚. Of the 12668 reflections collected, 12191 were unique. The intensities of three standard reflections which were measured after every 150 reflections remained constant through data collection, indicative of crystal and electronic stability. No decay correction was applied. The linear absorption coefficient for Mo K a is 9.2 cm -1 . Azimuthal scans of several reflections indicated no need for an absorption correction. The data were corrected for Lorentz and polarization effects.
The structures were solved by a direct method (MITHRIL). 5 All non-hydrogen atoms were refined anisotropically. All hydrogen atoms were located by Fourier difference synthesis. The final cycle of the full-matrix least squares refinement was based on 5511 observed reflections (I>3s(I)), and 622 variable parameters. Reliability factors are defined as R=·(
. The final R and R w values were 0.051 and 0.052, respectively. The maximum and minimum peaks on the final difference Fourier map corresponded to 0.70 and -0.67 eÅ -3 , respectively. Atomic scattering factors and anomalous dispersion terms were taken from International Tables for X-ray Crystallography, Vol. IV. 6 All calculations were performed using the program TEXSAN crystallographic software package. 7 
Results and Discussion
The molecular structure of 1 is shown in Fig. 1 , together with the atomic labeling scheme. Selected bond distances and bond angles are listed in Table 3 . There are one molecule of 1 and one free bpe ligand in a unit cell. Complex 1 has the center of inversion at the midpoint of the Pd(1) … Pd(1¢) vector. Four Pd atoms are bridged by four dppm ligands to provide the rectangular Pd 4 core, in which all Pd atoms are almost coplanar. The close Pd(1) … Pd(2¢) separation are also bridged by the Cl(1) atom, which is situated 1.49 Å below the Pd 4 mean plane. The two ClO 4 -anions and the N atom and the vinyl group of the bpe ligand are not coordinated to the Pd atom. The total charge of the Pd 4 core is 2+. Similar tetranuclear palladium dppm complexes having a rectangular Pd 4 core have been reported.
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The Pd(1)-Pd(2) distance of 2.611(2) Å is shorter than that (2.75 Å) in Pd metal and is in the range (2.53 -2.77 Å) of the Pd-Pd bonds found in dipalladium(I) complexes 2, [8] [9] [10] , indicative of a direct Pd-Pd bond. On the other hand the close Pd(1) … Pd(2¢) separation of 3.717(1)Å is much longer than that in Pd metal, and thus not indicative of a direct Pd-Pd bond. It is interesting that four Pd-P bonds on the rectangle Pd 4 core have different lengths, although these distances are 452 ANALYTICAL SCIENCES APRIL 1998, VOL. 14 (1) 0.8220 (7) 0.7654 (7) 0.2010(6) 3.2(5) C (7) 1.0360 (7) 0.7303(6) 0.3202 (8) 3.5(5) C(13) 0.9683 (6) 0.5791(6) 0.2011(6) 2.7(4) C(14) 0.8996 (7) 0.8200 (2) 0.6136(6) 2.8(5) C(20) 0.8001 (6) 0.8952(6) 0.4235(6) 2.7(4) C(26) 0.7092 (6) 0.7847 (7) 0.5048(8) 3.9(5) C(27) 0.6265 (6) 0.6688(6) 0.5812 (7) 2.7(4) C(33) 0.6756 (6) 0.6087 (7) 0.3972 (7) 3.0(5) C(39) 0.9239 (7) 0.6127(6) 0.8429(6) 3.0(5) C(45) 0.8199 (7) 0.4698(6) 0.7795 (7) 3.2(5) (2) , N(1), P(1), P(2), P(3), P(4), Cl(1), C(13), C(26), Pd(1¢), Pd(2¢), N(1¢), P(1¢), P(2¢), P(3¢), P(4¢), Cl(1¢), C(13¢) and C(26¢) in the coordination sphere are labeled. Table 3 Selected bond distances(Å) and bond angles(˚) within those (2.220(5) -2.396(2)Å) of other tetranuclear palladium complexes. [11] [12] [13] The dppm ligands bridging the longer Pd … Pd sides form much longer Pd-P bonds (2.353(3), 2.374(3)Å) than those (2.232(3), 2.237(3)Å) bridging the shorter Pd-Pd sides. It is suggested that this difference is due to both steric and electronic factors arising from the trans influence of the Pd-Pd bond and the bulk of the phenyl substituents. The average Pd-Cl distance of 2.401(3)Å is close to those (2.406(5) -2.430(1)Å) in other tetranuclear palladium complexes. 11, 13, 14 The Pd(1)-Cl(1)-Pd(2¢) angles of 101.39(9)˚ is also quite larger than those (78.1 (1) and 93.15(3)˚) in similar tetranuclear palladium complexes.
